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Abstract 


For many years, attempts have been made to understand global 
warming and climate change. While I've identified several 
uncertainties in the C02 and greenhouse gas (GHG) albedo theory, I 
don't intend to dismiss their connection to global warming. However, 
we must recognize that correlation doesn't always imply causation. 
The C02 and GHG albedo theory, based on theoretical light 
properties, offers a limited understanding of planetary heating. 
Thermodynamic laws provide a more comprehensive framework. To 
protect Earth's remarkable biological system, a paradigm shift is 
needed. This new paradigm, characterized by its simplicity and 
clarity, addresses the vulnerabilities of the albedo theory. 

Most importantly, it empowers individuals to understand how 
their actions contribute to climate change. This is a call for 
collective and personal transformation before Earth's cooling system 
reaches its threshold, leading to irreversible heating. This is an 
invitation to research and evaluate global warming within the scope 
of thermodynamic laws. 


Introduction 


The scientific discussion surrounding C02, GHGs, and 
climate change is ongoing and multifaceted. Acknowledging the 
optical limitations of these gasses is crucial, but it's only 
one piece of the puzzle. Continued research, consideration of 
all contributing factors, and a commitment to evidence-based 
understanding is essential in navigating this complex issue. 
This proposal has a goal to raise questions and considerations 
regarding the role of C02 in global warming. While not 
dismissing its influence, it seeks to incorporate 
thermodynamic laws (Thermodynamics, 2024)and address potential 
incongruencies related to UV, IR, and atmospheric 
interactions. 


This proposal highlights several doubts about the 
complexities of C02-atmospheric interactions and the need for 
Ongoing research. While some arguments require further 
investigation and nuanced context, these do not dismiss C02's 
influence in global warming. This proposal has not as 
objective to dismiss C02 influence in global warming, but the 
aim is to improve the theory adding to the global warming 


equation thermodynamic laws, however, several questions remain 
about the role of C0O2.A comprehensive understanding of all 
contributing factors, including C02's role alongside other 
greenhouse gasses and thermodynamic principles, is crucial for 
addressing the multifaceted challenge of climate change. A 
change of paradigm is important to solve the constantly 
failing projections about climate change with the increasing 
catastrophic consequences producing great loss and threatening 
the mere existence of life. 


This work describes how thermodynamic laws are a better 
tool to understand global warming using the entropy of carbon 
oxidation to explain global warming besides questioning the 
behavior of UV and IR light absorption by carbon dioxide in a 
freezing environment, including the question if does a 
freezing atmosphere at-55 C cool heated C02? (Conduction Heat 
Transfer, 2022) 


Important is the description of how polar ice is cooling 
warm oceans that absorb almost all waste heat (90%) produced 
by human activity and melting by exchange of heat. This work 
allows us to visualize a catastrophic climate without marine 
currents once the cryosphere disappears, transforming the 
weather systems. Finally, the objective of this paper is 
promoting the discussion for better adaption-mitigating 
strategies, facing a catastrophic mass extinction. 


The new paradigm 


A New Paradigm for Climate Change: Beyond CO2 albedo 


This new paradigm on climate change proposes a shift in 
focus, embracing Newton's thermodynamic laws to argue that 
residual energy (waste heat) released into the environment is 
the primary driver of warming (Bendig et al., 2013). While C02 
plays a role, it is viewed as a sub product of processes that 
cause global heat imbalance. 


As will be explained, the albedo theory, which focuses on 
light reflection, falls short as a complete explanation for 
global warming. Instead, the emphasis is on the exothermic 
reactions like fossil fuel combustion, where the oxidation of 


carbon and hydrocarbons releases vast amounts of waste energy 
directly into the environment, heating it significantly 
(Combustion Heat, 2024). 


It's important to acknowledge that some heat is crucial 
for life. Up to a certain point, it fuels biological processes 
Like photosynthesis, allowing plants to convert C02 into 
carbohydrates and stimulating growth, much like the seasonal 
cycles of spring and summer. However, this "Goldilocks zone" 
is crucial: excessive heat beyond this threshold becomes 
detrimental, inhibiting growth, reproduction, and ultimately 
jeopardizing all living creatures, a threat to human 
existence. Each species has its own temperature tolerance for 
optimal thriving (Lenton et al., 2023). 


The most critical realization is that numerous activities 
beyond C02 emissions contribute to this free heat, Forman et 
al. evaluated in 2005 the global waste heat potential 
collectively tipping the planet's energy balance (Forman et 
al., 2016. Industrial processes, forest fires, and some 
agricultural practices all play a role. 


This new paradigm, by focusing on the broader concept of 
residual energy and its various sources, as explained by 
Building Energy Research Center of Tsinghua University, offers 
a more comprehensive understanding of climate change 
(“Industrial Heating and Residual Heat Emission,” 2024). It 
encourages us to look beyond isolated solutions like carbon 
capture and sequestration, and instead consider a wider range 
of actions to address the diverse sources of excess heat 
plaguing our planet. 


Residual Energy - Waste Energy 


Understanding Residual Energy and its Role in Climate Change. 
(Waste Heat - Energy Education, 2024) 


Energy, the engine of everything, can be a fickle beast. 
While often desired, its unused form — waste energy — lingers 
like an unwanted guest, impacting our planet's delicate 
temperature balance because it is given as thermal energy to 
the environment (Energy Education, 2024). The evaluation of 
Foreman et al. (Forman et al., 2016)shows that global waste of 


energy as heat in 2012 was 70% of the total consumption. 
According to the laws of thermodynamics, this leftover energy 
Simply exists, neither being created nor destroyed (ist Law of 
Thermodynamics, 2024). 


To illustrate its role in global warming, let's turn to 
the popular vehicle (NASA, 2024). Its gasoline-powered engine 
extracts only between 10 and 30% of the fuel's energy for 
movement (U.S. Department of Energy, 2024b). The rest? A 
whopping 70% transforms into heat, released by the engine 
itself and diligently dispersed by the cooling system (Caton, 
2018; Heat Rejection, 2024). So, for every liter of gasoline 
burned, nearly three-quarters of the energy turns into the 
environment as heat (Carnot Cycle, 2021). 


Certainly, C02 released during combustion plays a part, 
but it's not the sole culprit. This wasted heat, the direct 
consequence of energy inefficiency, contributes significantly 
to the problem. One car might seem insignificant, but consider 
the International Energy Agency's estimation of nearly 100 
million barrels of oil consumed daily worldwide. And oil isn't 
the only offender, even clean energy sources used by electric 
motors like electric trains generate heat, albeit less, that 
ultimately finds its way into the environment. An example of 
this heat are New York City subway stations in summer 
(engineeringtoolbox, 2024). 


The air conditioner, our savior in sweltering summers, 
also turns into a double-edged sword. While it provides 
comfort, its reverse cycle function, used for heating, 
efficiently could pump residual heat back into the room. 
Alvarez-Quintana explains that vapor-compression refrigeration 
systems put “a lot of residual thermal energy into the 
environmet,” (Alvarez-Quintana, 2023). Ironically, the very 
mechanism seeking to cool contributes to rising temperatures. 


These scenarios highlight the importance of understanding 
residual -waste- energy not just as a scientific concept, but 
as a Significant factor in climate change. We must address not 
only pollution emissions, but also energy usage and its 
inherent inefficiencies as the waste heat produced by server 
farms or data centers described by Ben Raker (Ben Raker, 
2024)and as the solutions proposed by Equinix (energy- 
efficiency-centre-of-excellence-ebook, 2021). Embracing 


cleaner technologies and optimizing energy use are crucial 
steps toward mitigating this often-overlooked contributor to a 
warming planet. 


How is CO 2 Related to Global Warming? 
The Carbon Connection. Unraveling C02's Role in Global Warming 


The link between carbon dioxide (C02) and global warming 
remains one of the most pressing scientific debates of our 
time. While a complex issue with numerous contributing 
factors, understanding CO2's role heating is crucial to 
understand the rise in Earth's temperature. 


Atmospheric C02 concentration is a prominent indicator of 
fossil fuel usage and carbon combustion. When we burn fossil 
fuels like coal, oil, and natural gas oxidation takes place. 
This process essentially combines carbon from the fuel with 
oxygen in the air, generating both CO and C02 gasses. 


Crucially, these oxidation reactions are exothermic, 
meaning they release energy in the form of heat. For instance, 
producing one mole of CO releases about 25 kilocalories (kcal) 
of heat, while forming one mole of C02 delivers a 
Significantly higher, 90 kcal. The enthalpy of formation of CO 
is -113 kJ/mol (Argonne National Lab., 2024), and the for 
carbon dioxide enthalpy of formation is -393.472 kJ/mol 
(anl.gov). This substantial energy release is precisely why 
fossil fuels have been such convenient and widely used energy 
sources throughout the industrial era. 

Nevertheless, CO2'sS significant heat released during 
combustion is a key driver of global warming, demanding 
serious attention and action. Every day the consumption of oil 
energy is equivalent to 146,220 kilotons of TNT (equivalent to 
9748 “Little Boy," the atomic bomb dropped on Hiroshima of 15 
kilotons, 63 TJ) (softusvista, 2024). Exercise: 

The daily global consumption of coal is 23,055.555 tons (8.3 
bt/yr) (IEA — International Energy Agency, 2023) 

The energy of "Little Boy" was 15 TNT kilotons. If a kiloton 
is 142.7 tons of coal, 

to how many Little Boy’s equals the energy of the carbon 
consumed every day? 


Andrew King and Steven Sherwood, climate scientists, 
calculated that 380 zettajoules of energy had been released 
between 1971 and 2020. This energy is equivalent to around 25 
billion times the energy released during the detonation of 
"Little Boy," the Hiroshima atomic bomb, 90% absorbed by the 
ocean (Harry Baker, 2023). The heat absorbed by oceans, since 
1877, according to the reconstruction of Zana et al. is 
equivalent to 436 x 107! J, and between 1971 and 2010 the 
oceans absorbed 290 JZ (1 JZ = 107'J), heat produced by human 
activities (Zanna et al., 2019). 


Understanding the intricate link between C02, fossil fuel 
usage, and global warming is critical in addressing the 
challenge of climate change. By acknowledging C02's exothermic 
properties and its substantial contribution to global warming, 
we can pave the way for informed solutions and sustainable 
practices for a healthier planet. 


How the Earth is Cooling 
The Cooling Paradox: A Delicate Balance Under Threat 


While the idea of a warming planet dominates climate 
change concerns, a less-discussed phenomenon deserves 
attention: the potential consequences of melting polar ice and 
the Atlantic and Abyssal oceanic currents lowering speed. 


Human activities generate vast amounts of waste energy 
released as heat mostly into the hydrosphere using water as 
coolant. This heat follows a complex path, some reaches the 
upper atmosphere, while the majority (90%) gets absorbed by 
our heating planet's vast oceans reaching temperature records 
as reported by Copernicus’ OSR7 (EU Copernicus, 2023) 


The oceans play a crucial role in climate regulation. 
Acting as a giant thermal reservoir, they absorb almost ninety 
percent of the global heat, including what humans generate 
(NASA’s Jet Propulsion Laboratory, 2022). This heated water 
then circulates, flowing towards the Arctic and Antarctic 
regions regulating global climate systems; the actual slowing 
down of the oceanic currents (EU Copernicus, 2023) (AMOC) will 
produce unimaginable climate changes (National Ocean Service, 
2024). The same warming and slowing down effect was observed 
by Li et al. on the Abyssal ocean circulation (Q. Li et al., 


2023).The hypothesis of Zanna et al. is that the heating of 
the ocean induces AMOC reduction and that ocean heating will 
have an important impact in global and regional climate 
changes and sea level rise (Zanna et al., 2019). 


As warm water reaches the polar ice caps, it cools down 
through contact and surface melting. This process mirrors the 
familiar phenomenon of ice melting in a soda cup. The scale, 
however, is truly immense. Currently, Earth's polar ice has 
the capacity to absorb the heat generated by our daily 
consumption of approximately 100 million barrels of oil and 9 
million tons of coal. Carrignton explains the heat absorbed by 
oceans is equivalent to the energy released by one nuclear 
bomb by second last 150 years (Carrington & editor, 2019). 


As a fading buffer, this cooling mechanism, while 
effective, is not infinitely sustainable. The Earth's ice caps 
are finite resources, and their continued shrinkage poses a 
serious threat. Once they largely disappear, our natural heat 
Sink will be significantly diminished, potentially leading to 
drastically higher global temperatures, exceeding mere 
increases of two or three degrees Celsius. 


The melting ice isn't just a thermal regulator; it's also 
a critical habitat for various species. Extensive ice loss 
threatens ecosystems and biodiversity, contributing to global 
warming, mass extinctions and disrupting fragile food webs. 


Understanding the complexities of Earth's cooling 
mechanisms and their interplay with human activity is vital. 
Preserving our polar ice caps is not just about mitigating 
future temperature spikes; it's about safeguarding vital 
ecosystems and ensuring the planet's long-term sustainability. 
Ignoring this delicate balance puts us at risk of irreversible 
damage and a cascade of unforeseen consequences. 


Before than expected 


2023: A Year of Unexpected Climate Extremes 
World Meteorological Organization (WMO 2023 


2023 witnessed a record number of unexpected climate 
phenomena, leading to numerous catastrophes and exceeding many 
global warming-related records (National Oceanic and 
Atmospheric Administration, 2024). Human activity's role in 
climate change is undeniable. This year highlighted how 
quickly predictions can be surpassed, showcasing the 
Limitations of current models. Several factors contribute to 
misleading projections, including limitations of Global 
Climate Models (GCMs). This paper aims to advocate for a 
paradigm shift in understanding global warming and climate 
change, incorporating fundamental thermodynamic laws. 


Extreme Events of 2023: 


1. Unprecedented Heatwaves: Extreme heat waves fueled 
devastating wildfires across the globe. 


2. Historic Rainfall and Flash Floods: Heavy rains triggered 
flash floods, particularly in areas like Vermont and New 
York. 


3. Severe Storms: Intense storms battered the West Coast, 
with hurricanes and heavy rains causing widespread 
damage. 


4. Atmospheric Rivers: California faced the brunt of 
atmospheric rivers, leading to significant flooding. 


5. Rare Events: 2023 saw an increase in extreme and rare 
weather events, including wildfires in Hawaii and 
Louisiana, Canada's extensive wildfire season, and smoke- 
filled skies across North America. 


6. Record Temperatures: 2023 was Earth's hottest year on 
record, with extreme heat waves in North America, Europe, 
and China. The temperature of sea water also reached a 
record. 


7. Increased Heat Wave Intensity and Duration: Deadly heat 
waves became more frequent, intense, and long-lasting. 


8. Flooding in Pakistan: Pakistan experienced record- 
breaking floods. 


9. Intensified Hurricanes and Tornadoes: Hurricanes and 
tornadoes exhibited increased intensity and frequency. 


11. Tropical Cyclones in the Mediterranean: The 
Mediterranean region saw an increased number of tropical 
cyclones. 

12. Heavy Rains and Storms in Libya: Libya experienced 


heavy rainfall and severe storms. 


13. Monsoon and Typhoon Activity: Sothwester US had a 
reduced activity; but China saw thres thypons in just one 
week. The North Indian Ocean cyclone season was above- 
average and deadly season, central-south Arabian Sea had 
very severe and extremely Severe Cyclonic activity. 


Scientists involved in climate research acknowledged the 
unusual climate behavior in 2023 (Wu, 2023, 2024). Gavin 
Schmidt from NASA stated, "It was a very strange year... The 
more you dig into it, the less clear it seems'' (Seth 
Borenstein, 2024). Klare, Professor emeritus at Hampshire 
College, warned about the brink of a collapse of civilization 
Like ancient civilizations (Klare, 2023). The United Nations 
Environment Program noted that climate change predictions 
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materialized far sooner than anticipated (Extreme Weather / 
WESR - Climate Change, n.d.). 


I like to describe a few extreme events that are occurring 
more often, developing faster and becoming more intense. In 
addition, how the IPCC reports have been questioned. 


Energy Imbalance and Warming Acceleration: 


James Hansen, a pioneer in climate science, warned 
Congress about the planet's energy imbalance (EEI) leading to 
unpredictable warming pathways (J. E. Hansen et al., 2023). He 
highlighted new global temperature records exceeding his 
previous model's projections. This raises concerns about the 
accuracy of current climate models in capturing accelerating 
warming trends. 


Model Limitations and Misconceptions: 


However, scientists Like Daniel Swain and Michael Wehner 
from the University of California, Los Angeles, emphasize the 
Limitations of relying solely on models (Teirstein, 2021). 
They argue that many models are primarily weather models, not 
designed to predict long-term climate shifts. In my opinion, 
it seems that focusing on understanding complex nonlinear 
weather systems will be more important than solely attributing 
failures to models' inability to predict extreme magnitudes. 
Pierrehumbert explains the difficulty in climate models to 
cover the spectral lines of the differeeent energetic 
fecuencies to calculate aggregate effects (Pierrehumbert, 
2011, p. 239). 


Evidence of Unexpectedly Rapid Warming: 


Despite differing views on model limitations, numerous 
observations point towards faster-than-anticipated warming. 
Notably, in November 2023, Sam Burgess of the Copernicus 
Climate Change Service announced that, only for a day, global 
temperatures had already surpassed the 2°C projected for the 
future (Koumoundouros, 2024). 


Record-Breaking Heatwaves and Impacts: 


2023 witnessed record-breaking heatwaves, making it the 
hottest year in human history. These scorching temperatures 
claimed heat-related lives and were described as "mind- 
boggling" by NASA's Jet Propulsion Laboratory (Earth 
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Observatory, 2023). The Southwest United States bore the brunt 
of this relentless heat. 


Human Influence on Extreme Events: 


The World Weather Attribution initiative underscores the 
human contribution to extreme events like heat waves, unusual 
cold spells, droughts, and excessive rainfall (Climate Change 
Fuelled Extreme Weather in 2023; Expect More Records in 2024 — 
World Weather Attribution, 2023; Extreme Heat in North 
America, Europe and China in July 2023 Made Much More Likely 
by Climate Change — World Weather Attribution, 2023). While 
predicting the exact timing and intensity of these extremes 
remains challenging, their increasing frequency and 
unpredictability are becoming increasingly evident. 


Tornadoes on the Move: Climate Change and 
Shifting Patterns 


Overheating due to climate change is influencing tornado 
patterns, potentially causing them to stray beyond the 
traditional "tornado alley" that encompasses parts of the 
Midwest. Studies suggest areas Like Alabama, Illinois, 
Tennessee, and Arkansas could witness an increased risk of 
these destructive storms (Milman, 2023). While the exact 
reasons for this shift are still being investigated, 
researchers believe it's likely a consequence of global 
warming. Some experts also anticipate that tornado intensity 
and frequency might rise as temperatures continue to climb. 


Seasonality Shifts and Complex Interactions: 


Another intriguing development is the apparent change in 
tornado seasonality. Traditionally, tornado outbreaks were 
primarily associated with spring and summer. However, recent 
years have seen an increase in winter tornadoes, adding 
another Layer of complexity to predicting and preparing for 
these events (Ashley et al., 2023). 


Unanswered Questions and Research Efforts: 


The influence of climate change on tornadoes remains an 
active area of scientific inquiry. While evidence suggests a 
connection between warming temperatures and shifting tornado 
patterns, researchers are still grappling with numerous 
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unanswered questions. The new frequency, timing, location, and 
intensity trends require further investigation. Detecting and 
predicting tornado behavior is becoming increasingly 
challenging (Gensini & Brooks, 2018). 

Quoted scientists are diligently working to address these 
critical questions, but finding definitive answers takes time 
and meticulous research. The complex interplay of various 
factors makes straightforward explanations elusive. 
Nevertheless, understanding how climate change impacts tornado 
behavior is crucial for improving early warning systems, 
implementing effective mitigation strategies, and protecting 
communities from the devastating effects of these storms. 


Cryosphere in Flux: The Arctic's Melting Impact 
on Global Climate 


The Arctic, warming twice as fast as the planet's 
average, triggers a chain reaction of changes in weather 
patterns with significant global implications. This rapid 
transformation, driven by a fast-changing cryosphere (Earth's 
frozen areas), presents unprecedented challenges. Data from 
NOAA's 2021 Arctic Report Card showcases a series of unusual 
events and complex alterations (Kiest, 2021). 


The Arctic's Cooling Influence: 


The North and South Poles act as Earth's "freezers," 
chilling ocean waters and influencing global climates. 
However, melting ice poses a major threat to this delicate 
balance (Jacobo, Julia, 2021). 


Greenland's Accelerating Melt: 


Greenlad’s melting exceeds previous predictions, as 
reported in the Proceedings of the National Academy of 
Sciences (Ciraci et al., 2023)melt. Scientists like Kaitlin A. 
Naughten highlights a faster-than-anticipated melting rate at 
the ice-ocean boundary (Naughten et al., 2023). These 
scientist alert Greenland is melted at accelerated rate 


Antarctic Unraveling: 


Naughten (Naughten et al., 2023)and colleagues raise an 
alarming concern: Antarctic ice melt is three times faster 
than historically observed, likely due to rapid ocean warming. 
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They argue that even aggressive greenhouse gas mitigation 
won't prevent ocean warming, emphasizing uncertainties in ice 
shelf melting projections. The British Atlantic Survey points 
that Thwaites fast and “irreversible” melting will have an 
important impact on sea level rise (British Atlantic Survey, 
2023). This view finds support in studies by Lowry et al., who 
suggest Antarctic ice loss projections remain uncertain 
(Lowry et al., 2021). However, Pettit et al. think the 
collapse of Thwaites probably will happen in next five years 
producing an important increase of sea level rise (Pettit et 
al., 2021) 


Misconceptions Debunked: 


Skeptics once claimed Greenland was gaining ice. However, 
researchers like I. Velicogna (Velicogna, 2009), refuted this 
misconception, demonstrating not only sustained, but 
accelerating ice loss. Scientists alert Greenland is melting 
at an accelerated rate producing sea level rise (Rapid Ice 
Melting, 2021). 


Sea Level Rise: A Pressing Threat: 


The Arctic Report Card co-author Twila Moon warns of dire 
consequences. Melting ice and ongoing climate change will 
exacerbate coastal erosion, flood previously unaffected areas, 
and even increase inland flooding due to saltwater intrusion 
into groundwater tables (Jacobo, Julia, 2021)). Emma Robin 
describes how sea level rise will affect forty American cities 
as a consequence of arctic and glaciers melting (Emma Rubin, 
2023). 


Early Tipping Points: 


Are Approaching Faster Than Expected? 


The concept of climate tipping points, critical 
thresholds beyond which drastic and potentially irreversible 
changes can occur, has been gaining increasing attention. 
Although the Intergovernmental Panel on Climate Change reports 
(IPCC) define these points, recent research suggests some may 
be approaching sooner than anticipated. William Rippey and 
11,000 scientists from around the world alerted that many 
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typing points have already been crossed and many others are 
almost crossed, resulting in a climate emergency (Ripple et 
al., 2021). 


Tipping Points. 

In a 2019 paper, Timothy Lenton and colleagues projected 
that nine tipping points, primarily within the cryosphere 
(Earth's frozen regions), could arrive earlier than expected 
(Lenton et al., 2019). In 2023 Lenton warned that tipping 
points are no longer Linear projections, crossing one will 
produce domino effects and generate unmanageable systems 
(Studio, 2023). Additionally, research by Willcock et al. 
indicates several Earth systems are undergoing rapid shifts, 
potentially leading to system collapses sooner than previously 
thought (Willcock et al., 2023). 


Global Warming Projections. 


Stanford University's Noah Diffenbaugh and Colorado State 
University's Elizabeth Barnes employed artificial neural 
networks (AI) and historical temperature data to predict 
global warming (Diffenbaugh & Barnes, 2023). Their findings 
suggest the 2°C warming threshold could be reached sooner than 
anticipated. 


Reassessing Tipping Point Timing. 

University of Exeter researchers, discussed by Adam 
Vaughan, re-evaluated 15 major tipping points (Vaugham, 2022). 
Their study concluded that six could occur sooner than 
previously thought if global temperatures reach 3°C above pre- 
industrial levels, with some even possible at lower 
temperatures (Dockrill, 2019). 


Rapidly Triggering Processes. 


Fred Pearce, in Yale Environment 360, highlights the 
Opinions of seven climate scientists (Fred Pearce, 2019). They 
warn that several tipping point processes could trigger more 
rapidly than anticipated, potentially occurring before IPCC 
projections. The difficulty in quantifying these points 
remains a point of criticism for some. 
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Current Status of Key Tipping Points. 


Renne Cho's article, "How Close Are We to Climate Tipping 
Points?", outlines the current state of seven key tipping 
points: the Greenland and West Antarctic ice sheets, the 
Atlantic Meridional Overturning Circulation, the Amazon 
Rainforest, permafrost, and the El Nino/La Nina phenomenon, 
along with their potential interactions (Renne Cho, 2021). 


Polar Ice Sheets. 


Utilizing a new, state-of-the-art climate model, 
scientists from Pusan National University predict an 
accelerated melting of both polar ice sheets, pushing a major 
tipping point closer than expected (Koumoundouros, 2023). 
Rounce et al. predicts a global glacier melt faster than 
previous projections (Rounce et al., 2023). 


IPCC Underestimates Complexity. 


A leaked IPCC draft report, discussed by Simon Lewis and 
others, acknowledged the complexity and under-reporting of 
tipping points in past assessments (Harvey, 2021). This 
underestimation arose from earlier projections placing Earth- 
altering climate change beyond 2100. 


IPCC Climate Predictions: Underestimated or 
Overcautious? 


The Intergovernmental Panel on Climate Change (IPCC)has 
been a critical voice in understanding and communicating the 
risks of climate change. However, its climate projections have 
faced scrutiny for being too conservative, particularly in 
light of recent rapid changes. This paper explores various 
criticisms and potential explanations behind the perceived 
underestimation. 
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Conservative Projections and Criticisms. 


The criticisms surrounding the IPCC's stance began 
gaining momentum after the release of its Fourth Assessment 
Report in 2007. Key arguments include: 


Diversification of climate science. 


The growing abundance of research leads to more’ diverse 
and nuanced understanding of climate change, potentially 
exceeding the scope captured by IPCC reports. 


Underestimating specific phenomena. 


James Hansen, a prominent climate scientist, argues that 
IPCC projections have consistently underpredicted phenomena 
like sea level rise, rainfall patterns, ocean heat content, 
Arctic ice melt, and hurricane intensity and frequency (Doyle 
Rice, 2023). 


Systematic bias. 


Brysse et al. suggest a systematic bias in IPCC 
projections, citing a combination of political pressures, 
scientific restraint to avoid alarmism, and oversimplification 
of information (Brysse et al., 2013). Brysse et al. also 
argue that the IPCC's commitment to scientific caution 
restricts their exploration of worst-case scenarios, 
potentially leading to underestimation of potential impacts. 
Neglecting more accurate models, some mathematical models, 
arguably more accurate than IPCC models, were not adequately 
considered, potentially contributing to underestimations. 
Nonlinearity of climate systems described by Edward Lorenz, 
the founder of chaos theory, emphasized the inherent 
unpredictability of atmospheric phenomena due to their 
nonlinearity, further challenging the feasibility of precise 
predictions (Steward, 2019). 


Supporting Evidence. 


Several studies have lent credence to the "sooner-than- 
predicted" concerns. Randstaf et al. underestimation of sea 
level rise due to underestimating Antarctic ice loss 
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(Rahmstorf, 2007); Pielke, has similar findings to Randstf et 
al.(Pielke, 2008). NRC concluded that IPCC projections were 
generally underestimated (Committee On Strategic Advice, 2009, 
p. 12). Allison et al.,observed climate change happening 
faster than projected (Allison et al., 2009); and Kollibri 
Terre Sonnenblume compiled evidence from various sources 
Supporting the "sooner-than-predicted" argument (Kollibri 
Sonnenblume, 2019). Kopp et al. recommend that, because 
Antarctic melting projections were designed with great 
uncertainty models, projections should take extreme sea level 
rise scenarios into account for the actual faster ice mass 
loss than in existing models(Kopp et al., 2017). 


Moving Forward: 


The debate surrounding IPCC projections highlights the 
inherent complexities and uncertainties in climate change 
science. While striving for scientific rigor is essential, 
it's crucial to acknowledge and address potential biases and 
limitations in predictive models. Balancing caution with 
transparently communicating the full range of potential risks, 
including worst-case scenarios, is critical for informing 
effective climate action (Paul Voosen, 2021). 


To Take in Consideration / Analyze/ and To 
Think About 


Albedo 


Sunlight's journey to Earth is a dynamic interplay of reflection and 
absorption. 


As solar light reaches the atmosphere (Villanueva, 
2010)), it encounters a filter of clouds and different gasses 
bouncing back before a portion finally touches the surface 
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(U.S. Department of Energy, 2024a). Among this spectrum are 
ultraviolet (UV) and infrared (IR) light, also reflected back 
to space by Earth's surface. This phenomenon of light 
reflection is called albedo. 


It was this principle of albedo that Karl Sagan (Carl 
Sagan, 1985)and James Hansen (Shabecoff, 1988) relied on 
during their historic Congressional Hearings outlining the 
potential for greenhouse gasses like CO2 and GHGs to trap some 
of this reflected energy, leading to global warming. In 2007, 
Hansen further emphasized the critical threshold of 350 ppm 
CO2 for atmospheric stability, and in 2023, he reiterated the 
concerns surrounding elevated C02 concentrations and their 
greenhouse effect (J. Hansen et al., 2023). 


While the greenhouse effect is well-established (Columbia 
Climate School, 2021), there's room for nuanced understanding. 
Here are some points to consider: 


1. Thermodynamics Energy and Oxidation: Researchers often 
focus on C02 optical-spectrum alone, neglecting the energetic 
implications of CO, a product of fossil fuel combustion. The 
oxidation of carbon to CO and C02 releases energy — an 
exothermic reaction governed by thermodynamics (Carbon 
Monoxide Gas - CO - Specific Heat vs. Temperature, n.d.). 


2. Thermodynamics and Heating: Once liberated, this energy 
naturally heats the environment, consistent with Newton's laws 
of thermodynamics (Gable, 2020). Yet, the connection between 
the greenhouse effect and these fundamental laws remains 
unexamined. 


3. Passive Heat Release: Unlike machinery that utilizes almost 
all energy for various purposes, fossil fuel combustion often 
releases heat directly into the environment (Fuels - Higher 
and Lower Calorific Values, 2024). Think of warming your home 
with oil in winter: this heat loss parallels numerous 
industrial processes contributing directly to Earth's rising 
temperature. 
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4.Solar Umbrella Filtering and Trapping: If, as the greenhouse 
effect suggests, GHGs trap UV and IR light, shouldn’t they 
also filter them before reaching the surface, ¢similar to 
clouds? This raises questions about whether these gasses could 
act more like umbrellas, potentially mitigating the overall 
amount of UV and IR reaching the surface. 


5. Farming Greenhouse 


Stemmed from curiosity about agricultural greenhouse 
management. The first reading I encountered provided a 
Surprising hint: greenhouse management emphasizes the 
importance of heating (Mortensen, 1987). While this seemed 
to contradict the fundamentals of global warming theory, 
it resonated with a spectral analysis of C02 arguing its 
spectral Limitation to absorb infrared radiation reflected 
by Earth back to space. Further research, including 
several papers on greenhouse management, confirmed this 
initial discovery (Ghiat et al., 2021, 2021; Wang et al., 
2022). Badji et al. describe the complex interplay of 
factors like humidity, water, temperature, light, and C02, 
outlining various sophisticated methodologies employed by 
farmers (Badji et al., 2022). 


Notably, greenhouse farming manuals consistently 
affirm the challenge and complexity of heating greenhouses 
from 17 to 20-22°C (Chen et al., 2022). Surprisingly, 
sunlight alone cannot maintain a warm enough environment 
for plant growth, leading to the common practice of using 
natural gas for heating. The only instance of cooling 
mentioned was in a desert greenhouse. Mario and Maria's 
research offers a valuable literature review of greenhouse 
management, highlighting the essential role of natural gas 
or other resources in heating greenhouse environments. 


Farming Greenhouse Limited Experimental Evidence: 
While numerous observations and climate models support the 
greenhouse effect, definitive experiments directly linking 
C02 levels to increased greenhouse temperatures are 
nonexistent. Conversely, greenhouse farming applies C02 to 
promote plant's growth until 2000 ppm and to keep 20-22° C 
temperature uses artificial heating mainly burning natural 
gas (Bruce Dunn & Megha Poudel, 2023). It could show 
sunlight and a high concentration of C02 concentration do 
not increase greenhouse temperature. Consider a car parked 
under the sun: it gets hot even without C02 present, 
highlighting the inherent heating capacity of sunlight. 
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Needs of more research: these points invite further 
exploration into the multifaceted relationship between albedo, 
greenhouse gasses, and Earth's energy balance. A deeper 
understanding of these interactions will be crucial in 
formulating effective strategies to address the challenges of 
climate change. 


Physical-Optical Limitations 


Analyzing the optical impact of CO2 and GHG on climate 
change. 


The claim that carbon dioxide (C02) and greenhouse gasses 
(GHG) trap ultraviolet (UV) and infrared (IR) light 
contributing to global warming, has generated fervent debate. 
Proponents cite their optical behavior and absorption 
properties, while critics question the efficiency and overall 
impact of such interactions (Pierre Gosselin, 2023). Let's 
delve into the science, examining the optical limitations of 
CO2 and GHGs in trapping these energies. 


Optical Properties and Limitations: 

Light, including UV and IR, indeed exhibits reflection, 
refraction (Bideau-Mehu et al., 1973; He et al., 2021; 
Marchetti & Simili, 2006), scattering and diffraction (3.3, 
2022), dispersion, and other well-established behaviors upon 
encountering the atmosphere. However, the key aspect under 
scrutiny is absorption, crucial for trapping energy and 
influencing temperature because C02 absorbs less UV at lower 
temperatures (Venot et al., 2018). 

Here's the crux: the concentration of C02 and GHG in the 
atmosphere, around 400 ppm (parts per million), is incredibly 
low (Frank Reinhart, 2017). 300-500 ppm is the normal C02 
concentration outdoors (ID Number: (ashrae.org) compared with 
classrooms that can reach 5000 ppm (High C02 Levels Indoors 
Will Surprise You, 2023). Compared to ozone and water vapor, 
major atmospheric absorbers, CO2's capacity for UV and IR is 
Significantly lower. 


CO2 Experimental Observations: 

Scientific experiments, while often conducted under 
higher concentrations for practical reasons, also point 
towards Limitations. While CO2 absorbs some IR radiation at 
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specific wavelengths (around 4.3 and 15-micron), its effect 
pales in comparison to water vapor and ozone, which absorb 
across several frequencies and more efficiently. In addition, 
most of the earth's irradiation is about 16-micron (W. J. 
Witteman, 2020). 

Furthermore, some argue that increased C02, instead of 
trapping outgoing IR radiation from Earth, should result in 
less absorption of incoming solar IR, potentially leading to 
cooling. This raises important questions about the overall net 
effect of C02 and GHGs. Certainly, the effect of atmospheric 
aerosols was researched by Li et al. and concluded that these 
will cool the surface (Z. Li et al., 2017). 


Unresolved Questions and the Need for Nuance: 


The debate surrounding CO2 and GHG necessitates a nuanced 
understanding. While their optical limitations in terms of 
absorption and concentration deserve consideration, several 
factors complicate the picture (Charles Anderson, 2013): 

¢ Combined effects: The synergistic impact of various 
gasses and their interactions need to be considered. 
While individual interactions might seem weak, their 
combined effect could be significant. 

e Feedback loops: Increased temperatures can trigger 
further emissions and changes in atmospheric composition, 
creating complex feedback loops that amplify or dampen 
warming effects. 

e Long-term trends: Observed trends in global temperatures 
over decades, despite fluctuations, point towards a 
warming planet. While attributing this solely to C02 and 
GHGs requires careful analysis (“Global Satellite 
Temperature vs. Atmospheric CO2 Concentration,” 2021). 


IR Absorption Frequency: 


CO2 primarily absorbs IR radiation at specific 
wavelengths, notably at 4.2 microns. However, water vapor 
absorbs more broadly across the IR spectrum (Pierrehumbert, 
2011, p. 237; Watts, 2012). This effect is crucial for 
trapping outgoing heat from Earth, water vapor becoming the 
most important contributor to global warming(Jet Propulsion 
Laboratory NASA, 2019) 
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Ozone's Role: 


More ozone filters more UV solar, thus, reaches less 
energy the surface? With more C02, do less solar UV and IR 
reach the surface? (Chung Chieg, 2015). 


CO2 Role of reducing the incoming UV and IR reaching Surface: 


The role of ozone is filtering and scattering solar 
light, UV, and IR reducing the incoming UV and IR reaching 
surface. More ozone filters more UV solar, thus, less energy 
reaches the surface. Conversely, with more C02, do less solar 
UV and IR reach the surface? (Chung Chieg, 2015). 


Water Vapor vs. CO2: 


While water vapor is a more potent greenhouse gas due to 
its broader IR absorption spectrum (Hale & Querry, 1973), what 
is the role of this interplay in the Earth's energy balance? 
The role of water vapor trapping heat UV and IR absorption is 
much more important and prevalent than C02. 

The wavelength of photons that can heat the earth is less 
than 10.04-microns, but C02 mainly absorbs-15 microns, thus 
the C02 molecules absorb radiation that can not heat the Earth 
(“C02 Infrared Absorption,” 2021). Water vapor becomes tiny 
ice crystals at low temperatures existent at an elevation of 
31-53 miles (50-85 km) above the Earth's surface. However, ice 
begins to form from 1.3 miles (2 km) above the Earth's surface 
(Gaby Pilson, 2023). 


Water Vapor and CO2: Acid Carbonic: 


Athmospheric carbonic acid (H2C03s) is produced when carbon 
dioxide (C0z) dissolves in water through a hydrolysis 
reaction. However, it typically doesn't exist as a free 
molecule for long. Almost immediately, carbonic acid 
dissociates, breaking down into bicarbonate (HCO3~) and 
hydrogen (H*) ions, which become dissolved components in the 
solution. While carbonic acid forms naturally, its existence 
in an aqueous environment typically lasts only 300 nanoseconds 
(lcyarris, 2014). This makes it a very elusive reaction, 
requiring sophisticated experimental and theoretical 
techniques for study. 


One interesting property of carbonic acid is its 
autocatalysis ability, explained by Loerthin et al. (On the 
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Surprising Kinetic Stability of Carbonic Acid (H2CO0s), 
wiley.com). This phenomenon accelerates the dissociation 
process, making carbonic acid even more unstable in the 
presence of water. However, it is Surprisingly stable as a 
pure solid (anhydrous carbonic acid) at freezing temperatures. 
The reaction between C02 and water also produces hydrated C02 
(CO2*H20), and this reaction proceeds approximately 3,000 times 
faster than the theoric formation of carbonic acid. Analyzing 
carbonic acid in the ice phase (a mixture of water and COz) is 
challenging due to complex spectral changes involving hydrogen 
bonds. This complicates the detection of carbonic acid in 
atmospheric and outer space environments. Despite its 
fleeting existence in solution, COz absorption by atmospheric 
and ocean water it remains crucial for the equilibrium of C02 
between these vast reservoirs. 


Cold Temperature Layer and CO2 Phase 


C02 resides in atmospheric layers with colder 
temperatures like the troposphere (-55°C) (weather.plus, 
2024). What is the C02 absorption capacity of UV and IR at -55 
C? (C02 Phase Diagrams, 2017) While C0O2's role in climate 
change theorically is well-established, focusing solely on its 
atmospheric behavior misses another crucial piece of the 
puzzle (“Zeroth Law of Thermodynamics,” 2021). The extreme 
cold of the upper atmosphere significantly alters the 
interactions of UV and IR radiation with C02 (Venot et al., 
2018). Their behavior in these frigid conditions contrasts 
sharply with what we observe at ground level (Radiation Heat 
Transfer, 2024). 


UV and IR Properties in CO2: 


What are the effects of refraction and scattering on UV 
and IR interactions with C02 (Refractive Index Common Liquids, 
Solids and Gases, 2024). Ciddor research describes UV and IR 
refraction index in atmospheric CO2 (Ciddor, 2002)). These 
properties influence how radiation travels through and 
interacts with C02 molecules, specially in interaction with 
nitrogen, ozone, and other gasses, further research in this 
area can be valuable (Pierrehumbert, 2011, p. 240). Voronin 
and Zheltitov describe air refraction and dispersion with a 
range from UV to long wave IR using a generalization of the 
Sellmeier-equation (Voronin & Zheltikov, 2017). 
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Ozone and UV and IR 


What is the role of the ozone filtering sunlight: UV and 
IR ionizing oxygen to produce ozone allowing a concentration 
of 12 ppm at 30 kms (miles) altitude (chestr libre text books) 
that has significant importance in filtering and scattering 
the heat of solar UV and IR (Chung Chieg, 2015). 


15-micron Absorption Band and Temperature: 


A large portion of C02 absorption occurs at the 15-micron 
band; however, C02 also absorbs some radiation within the 10- 
micron band, but this absorption is non-relevant. The 
wavelength of photons that can heat the earth is less than 
10.04-microns, but C02 mainly absorbs-15 microns, thus the C02 
molecules also absorb radiation that can not heat the earth 
(Climate Auditor, 2021). 


UV Absorption and Temperature Dependence: 


The observed decrease in UV absorption by C02 at Lower 
temperatures requires further investigation. While it's a 
complex phenomenon requiring detailed analysis, what is C02's 
role in UV trapping in the upper troposphere, where 
temperatures could be lower than freezing point? 


Atmospheric CO2 Distribution: 


CO 2 is not evenly distributed into the atmospheric 
layers (EarthSky, 2019); its concentration varies very broadly 
without any known regulation because it is constantly flowing 
(Jet Propulsion Laboratory, NASA, 2019). 


Air has a lower specific weight than CO2. 


CO2 has 1.5 times more weight than air. CO2 levels at the 
surface do not show this relationship (Carbon Dioxide - 
Density and Specific Weight vs. Temperature and Pressure, 
n.d.). Only very polluted cities show CO2 concentrations of 
order that represent a certain relationship to the atmospheric 
concentration (EngineeringToolBox, 2024). 


In sum, these questions highlight considerations about 
complexities of C02-atmospheric interactions and point to the 
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need for more research. Charles Anderson explains the physics 
leading to doubt about GHG theory (Charles Anderson, 2015) 


Conclusion 


The proposed change of paradigm about the cause of global 
warming applying thermodynamic laws according to Newton will 
lead to a change of strategies to mitigate and solve global 
warming. A change of paradigm will promote broad discussions 
about why many predictions have been failing and how human 
activities should change to stop climate change. 


While some arguments require further investigation and 
nuanced context, dismissing C02's influence in global warming 
entirely would be scientifically inaccurate. Valuable 
considerations about the complexities of C02-atmospheric 
interactions and the need for further research. A 
comprehensive understanding of all contributing factors, 
including CO2's role alongside other greenhouse gasses within 
the scope of the thermodynamic principles, is crucial for 
addressing the multifaceted challenge of climate change 


This proposal considers that GHG and water vapor seal the 
atmosphere and avoid heat produced by inefficient energetic 
systems, freely released, to escape. Waste heat transmites 
the residual energy to the oceans and cryosphere according to 
thermodynamic laws. 

The scientific discussion surrounding C02, GHGs, and 
climate change is ongoing and multifaceted. Acknowledging the 
optical Limitations of these gasses is crucial, but it's only 
one piece of the puzzle. Continued research, consideration of 
all contributing factors, and a commitment to evidence-based 
understanding is essential in navigating this complex issue. 


ANEXOS 


Thermodynamic Laws 
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The thermodynamic laws were discovered by Newton and 
these describe energy properties and are applicable to 
heating. Newton described three laws of energy and Zeroth 
described the fourth. The related to global warming and 
climate change are those who states that 


First Law of Thermodynamics 


The firt law states that the total energy of an isolated 
system is constant. Energy can be transformed from one form to 
another, but can neither be created nor destroyed (“First Law 
of Thermodynamics,” 2021). 


Kelvin-Planck Statement about the Second Law of Thermodynamics 


It’s difficult to turn all of the heat emitted by a 
heated body into work. No engine can transform all of the heat 
from the source into work without wasting any heat (“Second 
Law Of Thermodynamics,” 2021) 


Zeroth Law of Thermodynamics 


The Zeroth law states that when two bodies are in thermal 
equilibrium with another third body then the two bodies are 
also in thermal equilibrium with each other (“Zeroth Law of 
Thermodynamics,” 2021) 


Thus, human activity wastes lots of energy that is 
discharged to the earth as heat, absorbed by atmosphere and 
seawater because this heat is not used in any process and does 
not suffer any transformation. By following the thermodynamic 
laws, the energy that does not participate in any process 
remains in its original state, in this case the unused heat, 
residual energy, always remains producing global warming. 


The Atmosphere 


Earth's Protective Blanket: Unveiling the Layers of the Atmosphere 
The atmosphere, like a protective shield, guards our planet from the 
harsh environment of space and nurtures life by maintaining warmth 
and filtering sunlight. Divided into distinct layers, each has a 
unique role in creating the conditions that sustain us. 
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Layers and Their Characteristics: 


Troposphere: 


Reaching up to 8-14.5 kilometers (5-9 miles), the 
troposphere is the closest layer to Earth's surface, where 
weather phenomena like clouds, rain, and storms occur. Its 
temperature steadily drops with altitude, from an average of 
15°C (59°F) at sea Level to about -55°C (-67°F) at its upper 
boundary. 
https://scied.ucar.edu/learning-zone/atmosphere/troposphere 


Stratosphere: 


Extending to 50 kilometers (31 miles), the stratosphere is 
home to the protective ozone layer that absorbs harmful 
ultraviolet (UV) radiation from the sun. Its temperature also 
varies, ranging from -80°C (-112°F) over the tropics to -50°C 
(-58°F) in polar regions. 

https://atmosphere. copernicus.eu/ozone- lLayer-and-ultra-violet- 
radiation 


Mesosphere: 


Reaching up to 85 kilometers (53 miles), the mesosphere experiences 
the coldest temperatures in Earth's atmosphere, averaging around - 
90°C (-130°F). This layer is also where most meteors burn up upon 
entering the atmosphere. 


https://spaceplace.nasa.gov/mesosphere/en/ 


Thermosphere 
Extending to a staggering 600 kilometers (373 miles), the 
thermosphere experiences extreme temperature fluctuations. With 
minimal air molecules, it can reach scorching highs of 2,000°C 
(3,632°F) during the day due to intense solar radiation, but plummet 
to -157°C (-250°F) at night. 
https: //www.vedantu.com/question-answer/which-layer-of-atmosphere- 


is-responsible-for-class-11-social-science-cbse- 
614c92c2ac388209cf04313c 


lonosphere 


Overlapping with the mesosphere and troposphere, the 
ionosphere stretches from 60 kilometers (30 miles) to 800 
kilometers (600 miles). Here, solar radiation ionizes 
atmospheric gasses, creating charged particles that influence 
radio waves and contribute to auroras. 

https://owlcation. com/stem/The-Ionosphere 
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Exosphere 


The outermost layer, the exosphere reaches up to 10,000 
kilometers (6,200 miles) and marks the gradual transition 
between Earth's atmosphere and the vacuum of space. Its 
temperature varies greatly depending on location and solar 
activity. 

https ://www.practically.com/web/earth-and-the- layers -of-the- 
atmosphere. php 


Hydrosphere and cryosphere 


Hydrosphere 


Includes all water on earth: freshwater and oceans 
(earthhow, 2024). 70% of this water is from oceans and oceans 
Cover more than 70% of earth surface. Freshwater is part of 
the hydrosphere and most of the freshwater is in ice caps and 
glaciers. Fresh water exists underground. It is the habitat of 
many living species; Water is essential to life. But oceans’ 
water is not still, it is always moving and the movement in 
oceans forms fast moving currents. global warming affects 
oceans promoting hurricanes and other climate change phenomena 


Cryosphere 


Cryosphere is the frozen water of the earth (Initiative 
(ICCI), 2023). One part of this frozen water is the water 
around the Arctic and Antarctic. The temperatures of the 
cryosphere are below 0 C almost the whole year, ice and snow 
on land are also part of the cryosphere. An important part of 
the cryosphere is ice floating around water. 

The cryosphere is important to control climate cooling the 
warm waters of the oceans and reflecting sunlight. 

Climate change is affecting the cryosphere, and the size of 
the cryosphere is decreasing as a consequence of global 
warming. The cryosphere melting also promotes ocean warming, 
it has serious climate consequences. 


Optical Properties of Light 


https://oxscience.com/light/ 
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UV frequency 280-400 nm and it is strongly affected by ozone and 
clouds. 


UV is divided into three regions: 


e UVA, wavelength = 400 - 320 nm 
¢ UVB, wavelength = 320 - 280 nm 
« UVC, wavelength = < 280 nm 


IR frequency: 780 nm - 1000 


e IR-A 780 -1.4 um 
e IRB1.4-3u, 
e IRC3um-1mn 


TheWorldCounts was created to raise awareness of important global 
challenges 


Why is Climate Change Important? (theworldcounts.com) 


AIRS Temperature Anomaly Trends in the Lower Troposphere and Upper 
Stratosphere, 2002-2020 


29.6 MB 
video/quicktime 


https://airs.jpl.nasa.gov/resources/232/airs-temperature- 
anomaly-trends-in-the-lower-troposphere-and-upper- 
stratosphere-2002-2020/ 


MULTIMEDIA 


Visualization of multiple geophysical parameters simultaneously from 
AIRS data, January-April 2021 


Visualization of multiple geophysical parameters simultaneously from AIRS data, 
January-April 2021 | AIRS (nasa.gov) 


Carbon Dioxide Phase 


CO2 Phase Diagrams 101 Diagrams 
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Carbon dioxide phase diagram 
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In these CO2 phase diagrams, pressure (P) and temperature (T) are usually the 
coordinates. The phase diagrams usually show the (P, T) conditions for stable phases. 


The phase diagram of CO2 has some common features with that of water: sublimation 
curve, vaporization curve, triple point, critical temperature and pressure. Of course, the 
Pand T values of are unique to carbon dioxide. In the following phase diagrams, shown 
that the triple point of carbon dioxide occure at a pressure of 5.2 atm (3952 torr) and 


216.6 K (-56.4°C). At temperature of 197.5 K (-78.5°C), the vapor pressure of solid 
carbon dioxide is 1 atm (760 torr). At this pressure, the liquid phase is not stable, the 
solid simply sublimates. Thus, solid carbon dioxide is called dry ice, because it does not 
go through a liquid state in its phase transition at room pressure. The critical 
temperature for carbon dioxide is 31.1°C, and the critical pressure is 73 atm. Above the 
critical temperature, the fluid is called super-critical fluid. 


The only thing special about this phase diagram is the position of the triple point which 
is well above atmospheric pressure. It is impossible to get any liquid carbon dioxide at 
pressures less than 5.11 atmospheres. That means that at 1 atmosphere pressure, 
carbon dioxide will sublime at a temperature of -78°C. This is the reason that solid 
carbon dioxide is often known as “dry ice”. You can’t get liquid carbon dioxide under 
normal conditions - only the solid or the vapour. 
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